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This invention relates to a mouse-human ehimasric 
* immunoglobulin heavy chain and a chimeric mk sequence 

encoding it. Mare specifically, it relates to a mouse-human 
chimaetic immunoglobulin heavy/ chain comprising a combina- 
tion of the variable region «£ a mouse immunoglobulin heavy 
chain and the constant region of a hnman immunoglobulin 

30 heavy chain, and to a chimaerie m& sequence encoding it. 
Secant studies on immunoglobulin genes have pro- 
vided amen information on the heavy chains f»a~chain* for 
short? of immunoglobulin genes of mammals, particularly 
hnmans, it is well known that generally the H-chain is 

15 composed of a variable region which has a site of binding to 
ah antigen and a constant region which has physiological 
activities such as complement fixation or interaction with 
particular cells (see "Senaai Kagaku* (Kodern Chemistry), 
Royember 1881, pages 62-68, published by Baifukan, fokvoj, 

20 On the other hand, the mm sequences of mouse 

immunoglobulin genes and their functions have been con- 
siderably elucidated, it is now known that a v-segment 
gene, a D-segmsnt gene and a 0- segment gene are aligned in 
this sequence in the variable region of mouse immunoglobulin 

25 genes and a m& sequence having a promoter function exists 
upstream of the V~ segment gene (5 '-terminusK Furthermore, 
the existence of an enhancer, i.e. a DNA sequence having the 
function of greatly increasing transcriptional efficiency, 
between the J-segment gene and the constant region is pre- 

30 sumed. It is said that this enhances: exists downstream of 
the J gene; when it is of the undifferentiated type, it 
cannot enhance transcription efficiency because the promoter 
is remote? but it becomes functionable upon recombination in 
¥-3 and V-D-J joinings and gains the function of enhancing 

35 the efficiency of transcription from the promoter existing 
upstream of the V gene. 
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Recently, miter Scbaffner «t al* repo*fc«d the DM 
sequence of an enhancer in moase iwaasaoglobulia H-chaio 
genes (Cell, Vol. B, 729-740, July I983K 

Susaisa t©80gawa at al. likewise determined the 
3 existence e£ an enhancer in mouse immunoglobulin B-chain 
genes and its m& sequence (see Cell, vol. 33, 717-728, duly 
1983} . 

David Baltimore et al. reported the existence of 
an enhancer in the light chains C*t»~chax«* for short) of 

JO mouse immunoglobulin genes and its DMA sequence (see Cell, 
vol. 33, 741-748, July 1983} * 

The prior efforts have thus resulted in determin- 
ing the existence of various gene segments and DM segments 
having various functions, such as a promoter and an en- 

i$ haneer, in the variable and constant regions of wouse im- 
munoglobulin B-chaiu ana L-chain genes, and the mih se- 
quences of some of them. 

On the other baad* t#ere have been gradual elu- 
cidations of the structures and functions of constituent 

20 g enss of human immunoglobulin a-chain. But the existence c£ 
an enhancer van only presumed, and there was no knowledge of 
the entire DM sequence of a human enhancer and OKA segments 
capable of expressing its function, 

Wry reently, however, T. 8. Babbitts et al. and 

£5 S. Tonegawa et a.U N -" * s tMh segues e 

of an enhancer in the H- chain of a human immunoglobulin gene 
(see Satare, vol. 306, $06-809, 22/2a, December 1983 and 
Mature vol. 307, 334-340, 26 January 1984), 

Research on immunoglobulins has thus reached such 

30 an advanced stage, and recently allowed utilisation of 
monoclonal antibodies which are expected to rind applica- 
tions in immunological diagnosis and therapy, for example in 
the diagnosis, control and prevention of diseases. The use 
of huisan immunoglobulins is aost suitable in such imssnno- 

35 logical diagnosis and therapy utilising such monoclonal 

antibodies, but human hybridoma techniques have not reached 
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such a stage that hmm monoclonal antibodies having any 
required specificities can be easily obtained as in the case 
of souse hyhtidsmas« This imposes greet restrictions on 
immunological diagnosis and therapy of human subjects, h 
5 method which sight overcome this difficulty is to create 
artificially an antibody which is very similar to a human 
antibody and is not recognized as & foreign substance within 
a human body, and utilise this antibody for immunological 
diagnosis and therapy, m such an immunoglobulin, a 

10 ehimaeric immunoglobulin composed of the variable regions of 
a certain mouse immunoglobulin and the constant regions of a 
human immunoglobulin was proposed very recently {European 
Patent Application EP 0 125 023 Al) . 

The present inventors have also worked extensively 

15 in this field in order to create a novel ehimaeric immuno- 
globulin which can be applied to the immunological diagnosis 
and therapy of humans , and have now found a mouse-human 
ehimaeric immunoglobulin heavy chain which specifically 
react with human common acute lymphocytic leukemia antigen 

20 (to be referred to as human *cALi* antigen) in combination 
with a proper immunoglobulin light chain* 

According to this invention, there is provided a 
mousey-human ehimaeric immunoglobulin heavy chain comprising 
ta) the amino acid sequence of a mouse immunoglobulin heavy 

25 chain variable region and (b) the amino acid sequence of a 
human immunogiohul in heavy chain constant region and react- 
ing specifically with human common acute lymphocytic 
leukemia antigen in combination with a proper immunoglobulin 
light chain, 

36 Human CALL antigen is an antigen commonly observed 

in the bloods of patients with various types of acute lym- 
phocytic leukemia, A monoclonal antibody which specifically 
reacts with human cALL antigen but is not recognised as a 
foreign substance by humans would greatly contribute the 

35 immunological diagnosis and therapy of patients with acute 
lymphocytic leukemia. 
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The immunoglobulin heavy chain of this invention 
has been developed to meet such a desire. It is charac- 
terised by having a chianaeric structure composed of 

|a] the a»i»e acid aegoeftee of a mouse isasuao- 
S globulin heavy chain variable region, and 

lb) the amino acid sequence of a human iwmm- 
gl obta in heavy chain constant region, and also immuno- 
logically by reacting specifically with human cML antigen. 

The variable region of the mouse ioaamsglobalin 
10 heavy chain, as mentioned hereinabove, consists roughly of a 
V~seg»ent, a ^segment and a j-segment, and it is the v~ 
seqsierst which is most involved in the recognition of anti- 
gone. The D~segment and .j-segment exist in various types 
depending upon their amino acid sequences , and for example, 
15 the existence of J 1# J 2 > J 3 and 3 4 in the ,3 -segment is 

known. The D~ and/or -Aegment of the saouse B-chain variable 
region in the present invention is not limited to any par- 
ticular amino acid sequence but may vary so long as an 
antibody finaiy constructed from fche B~«hain of this in~ 
215 vention has the property of specifically reacting with hmm 
eALL antigen, Preferably, however* an B-chain variable 
region derived from a mouse immunoglobulin s-cbtin reacting, 
specifically with human eALL antigen is suitable as the 
mouse iaaaunogiobulin H-chain variable region used in this 
25 invention. Specific examples of thin variable region in- 
clude a variable region whose V-segaent has the following 
amino acid sequence 

Asp Val Gin Leu Val Glo Sec Gly Sly Gly Leo Val 
Gin Pro Gly Gly Ser Mg Lys Leu Ser Cys Ma Ma 
30 ser Gly Phe Tbt Phe Ser Ser Phe Sly Het Sis Trp 

val Arg Gin Ma Fro SI a Lys Gly Leu Gle Trp Val 
Ma fyr lie Ser Gly Gly Ser Tyr Thr lie Tys Tyr 
nla Asp Thr Val Lys Gly Arg Phe Thr lie Ser ftrg 
Asp mn 2tw X#s *an Thr Leo Fhe Leu Gin Met Thr 
35 ser Leu Arg Ser Glu Asp Thr Ala Het Tyr Tyr Cys 

Ma Ser Ser Tyr Gly Asa Phe Trp Tyr Phe Asp Val 
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Trp «ly Ma Sly thi Thr val Thr Val Sex let 
and aojre specifically a variable region having the following 
total asdno acid serpence 

Asp Val Sin Lea Val Glu Ser Gly Sly Sly Lee Val 
5 Gl » *«> Sly Gly Ser Arg tys Leu Ser Cys Ala Ala 

Ser Sly Pha fht Phe Ser Ser Phe Sly Met His frp 
Val Arg 61» Ma fro Glu lys Gly Lea Glu frp v*l 
Ala fyr lie Ser Gly Gly Ser fyr fht He Tyr fyr 
Ma Asp Thr Val Lys Gly Arg Phe 3?hr He Ser Arg 
lfl Asn 1*0 Lys nan Thr Leu Phe Lea Sin Met fhs 

Ser tea Arg Ser Slu Asp Thr Ala Hot Tyr Tyr Cys 
Ala Ser Ser Tyr Gly Asn Phe ftp Tyr Phe Asp Ml 
frp Gly Ala Gly Thr Thr Val Thr Val Ser Ser Ser 
Tyr Gly &&n Phe frp Tyr Phe Asp Val Trp Gly Ma 
ls Sly fhr fhr Val fhr Val Ser Ser* 

In the present applications, the following ab- 
breviations are mM for various amino acids. 
Gly j glycine 
Ala j alanine 
Yali valine 
Leas leucine 
He; isoleucine 
Ser; serine 
km aspattic acid 
Lysc lysine 

Bis; histidine 
Phe j phenylalanine 
fyr; tyrosine 
Thr : threonine 
Cys 5 cysteine 
Met; methionine 
Glue glotajsie acid 
Trps tryptophan 
Pros proline 
Mm asparagine 
Gin; gluta»ine 
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Qa the other hand, polypeptides eonstita.ting the 
constant region of the chissaeric immunoglobulin H-chain of 
this invention »ay he those derived from the 8-ehaia of any 
of of SgA, IgD, XgS, IgG and IgM which ere known as human 
5 immunoglobulins (Xg) . Generally * those derived from lgG f 
above ail IgS,, are suitable* More specifically, a poly- 
peptide having the following amino acid sequence is pre- 
ferred. 



Ala 


Sec 


Thr Lys 


Gly 


Pro 


Ser Val Phe 


Pro Leu Ala 


Pro 


Sst 


Ser Lys 


Ser 


Thr 


Set Gly Gly 


Thr Ala Ala 


Leu 




Cys Leo 


Val 


Lys 


Asp Tyr Phe 


Pro 61 u Pro 




The 


Val Ser 


Trp 


Asn 


Ser Gly Ala 


Leu Thr Ser 


Gly 




His Thr 




Pro 


Al a Val Leu 


Gin Ser Ser 


Giy 


Leu 


Tyr Ser 


Leu 


Ser 


Ser Vai Vai 


Thr Vai Pro 


Ser 


Ser 


Ser Leo 




The 


Gin Thr Tyr 


lie Gys Asn 


■y*i 


Asn 


His Lys 


Pro 


Ser 


Asn Thr Lys 


Vai Asp Lys 


Lye 


fal 


GXa tto 


Lys 


Ser 


Cys Asp Lys 


Thr His Thr 


Cys 


Pro 


Pre Cys 


Pro 


tts 


Pro Gin Leu 


Leu Gly Gly 


*0 


Ser 




Leu 


Phe 


Pro Pro Lys 


Pro hys Asp 


Thr 


Leu 


MET li e 


Ser 


Arg 


Tht Pro Glu 


Val Thr Cys 


Val 


vai 


Val Asp 


Vai 


Ser 


Bis Glu Asp 


Pro Glu Val 


Lys 


Phe 


Asn Trp 


Tyr 


mi 


Asp Gly Val 


Glu Vai His 


ASH 


Ala 


Lys &hr 


Lys 


Pro 


Atg Glu Glu 


Gin Tyr Asn 


Ser 


mtt 


Tyr Arg 


val 


Val 


Ser vai Leu 


Thr Val Lets 


His 


Gin 


Asp frp 


Leo 


Asn 


Gly Lys Glu 


Tyr Lys Cys 


Lys 


Val 


Ser Asn 


Lys 


Ala 


Leu Pro Ala 


Pro lie Glu 


Lys 


Thr 


lie Set 


Lys 


Ala 


Lys Gly Gin 


Pro At 9 Glu 


Pro 


Glf* 


Val Tyr 


Thl 


Lm 


Pro Pro Ser 


Arc Glu Glu 


MET 


Thr 


Lys Asn 


Gin 


val 


Ser Leu Thr 


Cys Leo Val 


Lys 


Gly 


Phe Tyr 


Pro 


Ser 


Asp lie Ala 


Val GiU Trp 


Glu 


Ser 


Asn Sly 


Sin 


Pro 


Glu Asn Asn 


Tyr Lys Thr 


The 


Pro 


fro Val 


hen 


Asp 


Ser. Asp Gly 


Ser Phe phe 


Leu 


Tyr 


Ser Lys 


Leo 


Thr 


val Asp Lys 


Ser Are Trp 


Gin 


Gin 


Gly Asn 


val 


.Phe 


Ser Cys Ser 


Vai MET Sis 


Glu 


Ais 


Ley His 


Asn 


His 


Tyr Thr Gin 


Lys Ser Leu 


Ser 


Leo 


Ser Pro 


Gly 


Lys. 
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One typical mease-hsjtssan chimeric immunoglobul i« 
H-chain provided by this invention has the amino acid se- 
quence shown in rig. i of the acco»panyin£ drawings. 

The chimaeric immunoglobulin 8-ehai» of this 
5 invention can b« produced by joining a mh fragment encoding 
the amino acid sequence of the mouse immunoglobulin variable 
region to a DHA fragment encoding the amino acid sequence of 
the human iaustunoglobulin constant region to construct a 
ehimaerie DM fragment capable of expression, inserting the 
IS chimeric fragment into a plaassid vector, and introducing 
the recombinant plasmid vector into host animal eel is to 
cause the cnimaeric 0NA fragment to express in the host 
cells. 

The mh fragment encoding the amino acid s^qmuce 

IS of the mouse immunoglobulin variable region can be obtained* 
for example, by preparing hybridomas by cell fusion between 
spleen cells taken from a mouse immunised with membrane 
pieces of human cALh and mouse myeloma ceils, and screening 
the chromosomal dm of the hybridomas {see, for example, T, 

20 Haniatis et al.,, Molecular Cloning, Cold Spring Harbor Lab** 
I §82}* Specific procedures therefor are described in detail 
in Examples 9 to H given hereinbeiow. 

On the other hand, the mh fragment encoding the 
amino acid sequence of the human immunoglobulin constant 

25 region can be obtained by screening the chromosomal Dtih of 
cells producing human immunoglobulins by a conventional 
method* Specific procedures therefor are described in 
detail in .examples 1 to 3 given hereinbeiow, 

Joining of the two Jfflh fragments described above 

30 through a DMA fragment {to be referred to as the ®Eh~ 
segment*} si least containing .5 human snhai zet gives a 
Chimaecic BHA sequence encoding the mouse-human ehimseric 
immunoglobulin H-chain. The Eh-segment should at least 
contain a human enhancer, It may additionally contain a 

35 mouse enhancer or other introns derived from a human or 
mouse, 
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The chimeric mh fragment is inserted into a 
suitable plasadd vector ssch as pS¥2gpt r pSV2nee and pSS¥-~10 
to prepare a recombinant flasaid vector. 

The recombinant plasssid vector so constructed is 
5 introduced into E, coli for example., Thereafter, the re- 
combinant piasmid vector is introduced into host animal 
cells such as stouse myeloma J 55 81. or HS~1 by the protoplast 
fusion method (see s Me»~eM Jikfcea Sosa Ho" (Operational 
Methods in Immunological Experiments I XIII, p. 4533, edited 

10 by the Japanese Society of Immunology, 1984). By coloring 
the resulting cells, the desired moose -human ehimaerie 
immunoglobulin H~chain can be accumulated in, and recovered 
from, the culture, 

The chimaeric H-chain provided by this invention 

IS may be combined with a mouse-human chimaeric immonoglofcttlij* 
light chain prepared, for example, by the same technique as 
described above to form a complete iaouse-htaman chimeric 
immunoglobulin. Such an issmunoglobulin is expected to be 
used in the immunological treatment of cfiLL by administering 

20 it to human CALL patients either alone or in combination 
with anticancer agent, 

The following Examples more specifically illust- 
rate the construction and expression of a ehimaerie mh 
sequence encoding the chimaeric H~chain of this invention. 

# Exaaple 1 

Isolation of a human chromosomal mhx- 
Human cultivated eells ARH77 U x 1« 8 cells) were 
crushed by a glass rod and treated with Protease & (a pro- 
duct of Sigma Co.) in the presence of 21 sodium dodecyi- 

30 sulfate (SBS). Then, phenol saturated with iOmM Tris SCI 
CpB 8.0}~lstK tm& aqueous solution was added, The mixture 
was eentrifuged to separate it into an aqueous layer and a 
phenol layer. The aqueous layer was diaiyssed against 20mH 
Trie BC2 m 7»5i~lQ0mM BaCl~5mlt S»A aqueous solution. The 

35 dialysafce was treated with Ribonuclease A (a product of 
Sigma Co.) and after phenol extraction, dialled against 
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Mm TtxB BC1 CpH 8*0>~M BDTA aqueous solution to obtain 
about 1.2 mg of a human chromosomal DM [see St, Biin and S* 

Stafford, nucleic Acids Kes„ -3, 2303 (1S76H. 
Example 2 

5 Preparation of a ham&n gene library;- 

The humn e&ro»os©»al DMA (ISO micrograms* ob- 
tained in Example I iras partially digested with restrict! m 
endonuclaase EcoRl | produced by Tafcara Sfeax© Co., Ltd,} i» 
acccordanee with the method shown in Sample 4, and then 

IS subjected to sucrose density gradient cenirif ligation 

[sucrose 10-401. ?wt/vol}, 28*000 tp® x 15 hours, 20°C1 to 
obtain 4.3 micrograms ©f a D» fragment having a size of. 13 
Kb to 23 Kb, The PN& fragment (0,8 microgram} was Xlgated 
by using ligase (a product of Bethesda Research 

IS Laboratory, with Charon 4A vector {see P. B* Blatfcner, B* 0, 
Williams, A. E. BleehJU X. D. Thompson, B. ft. fafoer, L. A* 
Furlong, », J» Grunward, ». 0. KieUt* ». 0. Moore, *?* 
Schuisra, F< L» Sheldon and Smithies, Science, m? 161 
(mm to obtain a hybrid mk in which the human D8& was 

20 insetted between the right arm and left arm of Charon 4A 
vector. The llgating reaction was carried out at li 6 C for 
12 hoars in 66mM Tris-HCl {pH 7.6)-6.6mH RgCl-j-lOmR di~ 
thiothreitol-l ®« ATP aqueous solution, The resulting 
hybrid 3JHA was packaged in vitro |A. Seeker and 8. Oold, 

25 proc. Natl. Acad, Sci, u. S., 72, 581 (1375)) to form a 
human gene library (1*8 x 1Q 6 PPU/»g~BNA, containing sore 
than 99% of human chromosomal BHA) , 
sample 3 

Screening of huasan immunogl ohulin H-chain genet- 
30 B. coll LB 392 strain (ATCC 33572} was infected 

with the gene library (an assembly of Charon 4 A phages 
containing human chromosomal DBA) obtained in Example 2 to 
form a plague. Clones containing human immunoglobulin gene 
were selected in accordance with the plague hybridisation 
3S method of Benton and Davis I see B. Benton and E» 

Davis, Science, 196, 180 (197?) 1 using a 32 ?~iabelied human 
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immunoglobulin 8~chain a gene. DHA was prepared from the 
Charon 4k phages containing human iwunogiobulin gene by the 
method of tt>0M8 and Davis CK, Thomas and 8. N. Davis, j y 
Hoi. Biol,, Si, 315 U9?4)K 
5 Sxaiapl-a 4 

Preparation of a restrict ion endonuclease 
cleavage map of human immunoglobulin gene;~- 
One mierosOT of the Charon 4A 0S& containing a 
human immunoglobulin gene obtained in Example 3 was dis~ 
3 solved in 20 microliters of a buffer for digestion with 
restriction endonucleases |50nH tris-HCl fpB 7»4H100saM 
Bad-IOan «gS0 4 aqueous solution for fcpRX, EeoRV, Mini or 
§ghl ? um Tris-BCl IpB 7.5) -60*8 HaCl-7»H MgCl^ aqueous 
solution lor MII ( Aval, Saggx, SstEIX, Hindi* Sia^llI, 
i mi or Pvun. 10js8 Tris-BCl (pH ?.4j~lG»M HgSO^lmM di~ 
thiothreitol aqueous solution for BglXls and ISmH fris-HCI 
(PH 8.0)-20iaM KC1-7»H HgCl 2 ~7«» i-»ercaptPethanol solution 
for MH^Jr and digested with two units of a restriction < 
endonuclease (Aatll was a product of Toyobo Ltd,? Aval vas a 
product of Bethesda Research Laboratories, Inc.; BstBii and 
Sphi were products of England Biolabs, inc., and the 
other enaonuei eases were products of Takara stmso Co., fcta.J 
at 37 c for more than 1 boor. Cleavage with BstEIl was 
carried out at 60°C for sore than 1 hour, when the diges- 
tion was carried oat by using two restriction endonacl eases, 
there was used a procedure cosaprising first treating the mh 
with one restriction endonuclease acting at a low salt 
concentration, then increasing the salt concentration to a 
predetermined concentration, and treating dha with the other 
restriction endonuclease acting at a higher salt eoncsntra™ 

After the digestion, 4 microliters of an aqueous 
solution containing 0.25% of breraophenol blue end 501 of 
glycerol, and the mixture was subjected to 0,8%~2.5% agarose 
gel electrophoresis, 'i'be agarose used was type II made by 
Sigma Co, designed for electrophoresis, A 4D.mM Tcis-C^CODS 
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CpH 8.0} -las SDTA aqueous solution was used as an electro- 
phoresis running buffet. ifitl» a vertical gel having a 
thickness of 2 saa, the electrophoresis was carried oat at 
a voltage of 6 to 9 ¥/cm for 1.5 to 3 hours. A product 
5 of digestion of i phage UNA *ith Hindi II |made by Soelinq 
Hanheia} was used as a molecular sise marker for wa frag- 
ments. After the electrophoresis, the DM in the agarose 
gel was dyed with a 2 m crograms/sal aqueous solution of 
ethidinm bromde, and by irradiating long wavelength ultra- 
16 violet light onto the gel, the digestion pattern was ob- 
served. By analysing the patterns of digestion with the 
various restriction endonacl eases either alone or in a 
combination of two, the relative positions of the restric- 
tion endonuclease cleavage sites were determined. 

Redoning of a human i«manoglob»lin gene (a hybrid 
m& of a f,2 Kb Hindi n fragment containing a 
human c n gene and EU coli plasmid pBR322) t~ 
Three micrograms of Charon 4 k Wk obtaining a 
20 human immunoglobulin gene was digested with Hind U I sub- 
stantially in accordance with the method of Example 4, and 
subjected to agarose gel electrophoresis (gel concentration 
0,8%). h band corresponding to mk having a else of 8.2 kh 
and containing a C yl gene was cut out and the agarose gel 
2S slice was dissolved in three times Cvol/wt) its aaoont of an 
BM acpeous NaC10 4 solution,, a Wh fragment having a size 
of 8.2 kb was recovered from the agarose gel by the glass 
filter method of Chen and Thanes fc. ». Chen and c. A. 
Thomas Jr J( Anal, Biochem. 101, 339 U9BQJI. 
38 Separately, 1 microgram of coli plasmid pBB322 

was digested with Hindi XI is accordance with Example 4, sad 
reacted with 0.5 unit of alkaline phosphatase (8. coli C15) 
{a product of Takers Shmo Co., Ltd.) at 45°C for 1 hour, 
after the reaction, the reaction isixture was extracted with 
water saturated phenol three times in order to deactivate 
and remove the alkaline phosphatase in the reaction fix- 
ture. 



35 
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The alkaline phosphatase treated product of the 
above digested pB&322 was mixed with an aqueous solution of 
the 8.2 kb OindXXl fragment recovered from the agarose gel, 
-The mixture was precipitated with ethanol* and the pre- 
5 eipitate was dissolved in 50 saieroliteis of a buffer for 
ligation fsee Example 2).. two units of ti~mh iigase was 
added, and the reaction was carried cut at 11°C for 12 hoars 
to give a hybrid Wh* 

S*. co1 * c$0 ° sfci " aiR {ATCC 33525} was transformed 

10 with the hybrid DM by an improved version of the usual 

CaCI^ method f*L ¥. Sorgard, K, Keen and 3* J, Honaham* 

Sene. 3, 291 Cl§?8) ) . Specifically,, £, col i C&QQ strain 

cultivated for 18 hours was inoculated in S ml of L-hrofch 

(1% tryptone, 0*5% yeast extract, O.S% NaCl, pU 7>2| ana 

15 grown to an extent corresponding to an optical density at 

SS50 nss of 0,3* The cells were washed twice in a cold 

aagnesiua buffer I0.1M HaCl-5»H 8g€l~~SsiM Tris~HCl 7„6 r 
o 

S C}], re~s«spended is 2 ml of a cold calciusj buffer [lOOssfS 
CaCl 2 ~2S0snM KClSrnn MgCl 2 ~5 »M T*is~BCl (pB 7,6* 0°C>1* and 

20 left to stand at 0 6 C for 2$ sninates* The cells were then 
concentrated to one-tenth of their volume in a calciua 
buffer, and raixed with an aqueous solution of the hybrid DBA 
in a ratio of 2j,1 (voltvol). The fixture was maintained at 
0°€ for 80 minutes, and after adding 1 mi of LBG-broth {11 

25 tcyptone, 0.5% yeast extract, 1% Nad, G*QB% glucose, pB 
7-25, cultivated at 37°€ for 1 hour. The culture fluid wag 
inoculated in a selective medium (an L-broth plate contain- 
ing 30 micrograms/sd of ampicilXin) at a rate of 100 micro- 
liters/plate, The plate was cultivated overnight at 37 °C 

30 to grow the transf ormants, A BHA was prepared from the re- 
sulting colony by a known aethocU and by agarose gel electro- 
phoresis, the existence of the desired hybrid mh was deter- 
sained. 

Restriction endonuciease cleavage map of 

35 sjabclones _ 

In Examples 4 and 5, safeelooes having the 
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restriction andonuelaase cleavage maps shown in Figs. 2 
and 3 of the accompanying drawings were obtained, 

Fig, 2 shews fragments; obtained by cleaving a 
human chromosomal DMA containing an immunoglobulin gene with 
5 restriction endonoclease BcoRl. The 5* -terminal position is 
indicated as Beam-ill » and the 3* -terminal position* as 

i (2K Fig, 2 also shows sites at which the DMA f rag- 
meat can be cleaved with restriction endonuciease Xbal and 
Xholx This fragment was cleaved with some restriction 
SO eondonucleases and divided into several small fragments, 

Soate fragments were inserted into the £. coll plasmid vector 
PBH322 to obtain four subclones shown in Fig. 3> 
Subclone pTJIBs 

Obtained by inserting a small mh fragment (about 

15 8,2 kb) interposed between Hin<sm-U) and Hindi 11-13) into 
th « Si£ dm s * te <*f PBR322. -The restriction endonuciease 
cleavage site map of this subclone is shown in Fig, $> ti~&. 
She presence of 3 to 4 Jst X sites were recognised between 
£stX~C3) and Slaaoi-Q) in fi«, 3, li~A, 

20 Subclone pTJlBRs 

Obtained by insertion into p8F322 in the same way 
as in the preparation of pTJXB above, but the orientation 
is reverse to that in pTJlB. The restriction endonaelease 
cleavage map of this subclone is shown in rig, 3, rx-B„ 

35 Subclone pl\15; 

Obtained by inserting a smell DNA fragment ex- 
isting between ?str~£2) and PstI-(3) of the above subclone 
pfJiB into the Fstl site of pS£322* The restriction endo- 
nuclease cleavage map of this subclone is shown in Fig> 3 f 

30 H-*" ill, 

Subclone p?J4; 

Obtained by deleting from the above subclone pTJIB 
a portion ranging from a Fst I site closest to Bind III- {31 
existing between Hind m~{3) and Psfc i~(3) to Pst I~i2>, 
3S The restriction endoooclease cleavage map of this subclone 
is shown In Fig, 3 f XI-A- C24 . 
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Subclone pT33 s 

Obtained by inserting a small tMk fragment (about 
3.4 kb) interposed beween EeoBI-n) ana aindXII-{l} into a 
site between BcoRI and HimiXXX, A detailed restriction 
5 endonnclease cleavage map of this subclone is shows is 
fig, 3, I «. 
giej 

Determination of the tfflk sequence of the human 
immunoglobulin gene enhancer regions- 

10 the mh sequences of the enhancer region and the 

V~D region of the B-cha in of a human immunoglobulin gene 
were determined by the Haxaia-Gilfoert method [A. Maacasa and 
*. Gilbert, Methods £n»ysu>2., 65, 499 {1980} J . 

About 50 micrograms of the subclone pTJ3 DMA 

IS prepared .in Example 5 was digested with BstEIX in accordance 
with the method of Example 4* fho resulting »SA fragment 
was dephosphorylated with alkaline phosphatase,, and labelled 
with h~' S *Fj AfB using 5 unit® of poXynucieofcidekinase 
{produced by P-L Bioehemieais Co.)* The poiynacleo- 

20 tidekinase reaction pas carried out in a mm Tris-HCi £pB 
§,5}~X0mM 8gCl,~5a» dithiofchr extol aqueous solutions and 
|y« 32 P] M'f {made by Amersham Co,} was used in an amount 
corresponding to 100 micro Cx, The 3 ^P~laheXied 0NA 
fragment was digested with Spa I. The desires' DBA fragment 

25 was separated by polyacryXamide gel electrophoresis {gel 

concentration 5%) and extracted from the gel. The resulting 
x l-K\.v J 'Hpal fragment was subjected to a partial 

hydrolysis reaction specific for each of the bases? and 
subjected to electrophoresis on polyacrylami.de gal con- 

30 taming 7K urea (gel concentration 8% to 23%) » The sepa- 
rated fragment was autoradiographed at -S0"C for 2 to ? 
days and the cleavage o tern was salysed to btain oatu 
for the determination of the UNA sequence of the enhancer 
region. 

35 Thus, the 338A sequences including the enhancer SKA 

sequence of this invention shown in Pig. 4 were determined. 
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Beterminatisn of the DBA base sequence of 
a humm Iwunogiobuiia gene constant regions 
The base sagnenoe of the constant region of a 
human immunoglobulin gene was determined by the Maxaa- 
Albert method f&. Haxass and w, Gilbert, 
SS, 499 U9B0}]* 

^ f JS ** s aigested with PstX, and labelled »ith 
^-^PJ ddM'P using a^3«~tar»inal labelling kit (made by 
Amershaa Co.). The 3 Vlafcelled 88A fragment was digested 
with SH 1 * and the dssired MA fragment was separated and 
recovered by polyaeryiaside gel eieetophoresis (gel concen- 
tration The resulting 3 Viabened Pst 2 dha 
fragaest was subjected to a partial hydrolysis reaction 
specific for each of the bases, and separated by electro- 
phoresis ou polyaerylamide gel containing 78 urea (gel 
concentration 8% to 23%) . Then, the DM f ragxaent was 
autoradiography at ~80°c for 2 te 7 days. The cleavage 
pattern was then analysed to obtain data for the deterssi- 
20 natiou of the SM sequence of the constant region as shown 
in Pig. 5. 



15 



Construction of a human immunoglobulin gene 
expression plasmid;- 

An ScoRI fragment of the human H-chaia gene (HlSl) 
obtained in Example 3, with a size of about 21 Kbp f was 
inserted into the BcoRl site of vector pSV~2gpt developed by 
P. Berg p*. C. Mulligan and P, Berg, Proc. Katl. Acad. $ci., 
U.S.A., 78, 2072 U5$1)J to obtain a plasms d pS¥2~HIGl The 
restriction endonueiease cleavage map of this piasmid is 
shown in Pig, $„ 

Isolation of a mouse chromosomal D&h j - 
Mouse hybridoma NL~1 cells (2 x 10 ? ) obtained from 
St. E, Ueda of Laboratory of Chemotherapy, Mehi Cancer 
Center Research Institute, Hagoya 464, Japan were treated 
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with protease K in the presence of 1% £BS» ma tar -saturated 
phenol was then added to extract DM. The agneoua layer was 
separated by centrifugation aad aialysed agalast iOmM Tris™ 
SCI buffer CpH 7.4} containing O.lmM HaCI and O.lmM BDTA 
5 ( THE buffer), tte agueous solution was treated with ribs- 
nuclease A, and again extracted with water-saturated pheaol. 
The agaeoss layer was dialysed against the TKE buffer to 
obtain 300 micrograms of mouse chromosomal DSA. 
Example ID 

10 Preparation of a mouse gene library;- 

The mouse cbmmmm&l DM {150 micrograms) obtained 
in Example § was completely digested with restriction endo™ 
nuclease EeoBi and subjected to agarose gel electrophoresis, 
A DNA fragment {5 micrograms) corresponding to ? kb-9 kb was 

15 recovered from the agarose gel by elect roelntion* 

The resulting DBA fragment CO. 4 microgram) and 
Charon 4A vector KeoRX arms {Asaersham Co*) ware ligated by 
means of T4 Dh'A ligase* and packaged in vitro using a kit 
Qi hmtshm Co. As a result, a mouse hybridoma gene 

20 libra ray (8 x 10* PFhVmicrograsi) was obtained. 

Screening of ssouse immunogloblin H~ahain genet- 
E> Coli strain LB 3S2 was infected with the Charon 
4 A phage obtained in Example 10 containing DbA derived from 
25 mouse hybridoma ®h~l to form a plague, Clones containing 
.mouse antibody H~chain genes were screened by the plaque 
hybridization method using a 32 P~iabelied mouse immaao- 
globiin H~chain <J gene. 

This procedure led to the isolation of a gene 
30 including ail V regions {a 5' flanking region* VDJ regions 
and an enhancer region) of mouse hybridoma m~l having a 
siz& of 7.9 kb. 
X?. 

Preparation of a restriction endonuclease 
35 Cleavage mapi- 

A 7.9 kb EcoRI fragment of the mouse hybrids 
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HL-i B-ehain DNA obtained in Example II was recloned into 
vector pBR322 and used to transform E, Coii strain »L»1 
(ATCC 33849}, The E, Coii strain was cultivated in large 
quantities to obtain about i mg of a pi as® id (pBH--ML™l~B} 
5 having the 7,9 kb mouse hybridoaa ML-i H chain DM fragment 
Inserted into the EeoRX site of pBR322. The pBS NL-l-H was 
cleaved with restriction endoaucl eases, SCoKl, Ba%HX, 
iij H ( EcoRV and Vvult (Takera S&uao Co* , Ltd J and SpM 
(Bethesda Research Laboratory), and a restriction endo- 
.10 nuclease cleavage ssap was prepared as shown in Pig. ?. As 
a typical example, cleavage with BcoSl is shown below. 

Determination of the DM sequence of m*m 
immunoglobulin VDJ region;- 

15 The pBR-HL-l-H was cleaved with restriction endo- 

nucleases Sghx and PvuXJ to obtain two DM fragments given 
by the inserted gene between Sghl and Pv-uXX sites* The tmh 
fragments were cloned into MI3 phase vectors mplS and mflS 
IK L, Biochemicals Co. ) cleaved with SphI and Bind I, DM 

20 sequence determination was performed by the dideoxy chain 
termination method using an «13 sequencing kit (fak&ra Shuso 
Co.* Ltd.}. The sequence of the Sphl/FvuXX fragment on the 
5* side was determined both in the downstream direction from 
the Sph I site and in the upstream direction from the Pyu.ll 

25 site. The sequence of the Spbl/PvuXI fragment on the V 
side was determined in the downstream direction from the 
FvulX site. The DMA sequence of the variable region is 
shown in Fig. 8. 
' • I l ::,J± 

30 Construction of chimaeric immunoglobulin gene 

expression piasmid p&H-ls- 

The plasmid pBR-ML-l-B obtained by inserting an 
anti-human cM»t immunoglobulin B~chain gene fragment (7.9 
kb) into the ScoH site of pi asms d vector pBR322 was cleaved 
35 with restriction endonuci eases EcoRV and BamBl, An EcoRV-- 
BamHX fragment (about 2.7 kb) containing the entire mouse 
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inuaunoglohulin H-chain variable region was separated by 
agarose gel electrophoresis and purified by the method of 
Example 3. 

in the meantime, the plasmid vector pSV2~gpt 
5 mentioned: hereinabove was cleaved with restriction encto- 
ouci eases BamBi and a ^aX , and a linear vector fragment 
having a sise of about 5.3 kb and containing the Scogpt gene 
was separated and purified (this vector gene is abbreviated 
as *£ ragment-iT) « 

10 The EcoRV-Bamfil fragment (about 2*7 kb) of pBS-NL-l-H 

obtained above was iigated with the Baml-Hpal fragment 
(about 5.3 kb) of pSV2~gpt mentioned above by using T4 ~BtlA 
ligase. Subsequent cleavage with restriction endonuelease 
mmi gave a linear DSA fragment {about 8.0 kb) containing 

IS about 2,7 kb of the variable region of NL-l-B. The BH& 
fragment was separated and purified (this DHa fragment gene 
is abbreviated as *f *ag»e»t~#*' : ) 

Furthermore, plasmid pSV~2~BIGl containing a human 
isusuaogiobulin gene I about 21 kb) was cleaved with restric- 

20 Hon endonuciease Mlul to give a DM fragsieat (about 1? kb) 
containing a human enhancer and C^* which was separated and 
purified. A hmM linker {a product of Takara Shuzo Co. r 
Ltd.) was ligatad with the resulting gene fragment (about 
17 kb} in accordance with the method of T. Hani at Is at al. 

25 {?. Haniatis et al., "Molecular Cloning, Cold Spring Harbor 
Lab,, 1982;) to give a Barns' X Site to both ends {the resulting 
product is abbreviated as *f ragment-4") » 

The fragments was iigated with the fragjsent-2 by 
using T4-ONA Ugase. E. coli strain MCI 000 was transformed 

30 with the ligation product to obtain a chimaerie immuno- 
globulin gene in which the variable region of the mouse 
origin was joined to the constant region of the human origin 
through tho human enhancer (Eh) {this gene is abbreviated as 
"pH8-i*> » The flow chart for the preparation of the plasmid 

35 pMB~l is shown in Fig. 9. 
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Construct. i on of chimeric immunoglobulin gene 
expression plasmid pm^Zi" 

PI a sir, id p5V~2-BIGl containing a human immune- 
5 globulin H~chain gene (about 21 kb) was cleaved with re- 
striction endonuclease BamHi by a conventional method to 
give a fragment (about 14 kb} containing a human enhance*: 
CBh) and C^, The resulting fragment was li gated with the 
fragment 2 by using T4-BHA ligase. £. coli KC1000 was 

10 transformed with the ligation product to give a chimaeric 
immunoglobulin gene in which the variable region was of the 
mouse origin and the constant region and the enhancer were 
of the human origin I this plasmid is abbreviated as 
2*). The flow chart for the preparation of the plasmid 

15 pMB-i is shown in Fig. 9, 
Example I§ 

Construction of chiaaeric immunoglobulin gene 
expression plasmid pHH"~3r~ 

The piasmid pm~m~l~U was cleaved with restric- 
ts! tion endonucleases KcoRV and ficoKI in the same way as in 
Example 3 to give a fragment (about 4.7 kta) containing the 
entire mouse immunoglobulin 8~ehain variable regions and the 
mouse enhancer (£m| , Then, the vector psv-2-gpt was cleaved 
with restriction endonuci eases fScoP.1 and Hgal to give a 
25 fragment (about 4*7 kb) containing Ecogpt gene, which was 
separated and purified. The resulting fragment was ligated 
with the above mouse ? gene fragment (about 4.7 kb) by using 
T4-D8A ligase? and the ligation product was then cleaved 
with restriction endoneclease gcotti to give a linear mm 
30 fragment (about 9.2 kb) containing the variable region 

(about 4,7 kb) of wMch was separated and purified 

(this dna fragment is abbreviated as "fragment ~3 * ) > 

Piasmid pSV2-aiGl containing a human immuno- 
globulin H-chain gene (about 21 kb) was cleaved with 
35 restriction endonuclease Mini to give a fragment (about 17 
kb) containing a human enhancer (Eh) and C which was 
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separated and purified. An EcoRX linker (a product of 
Takara Shaso Co., Ltd.) was iigatea with the resulting 
fragment (about 17 kb) in accordance with the method of 
Kaniatis at al, described in * Mod ecu lac Cloning* to give 
5 an KeoRI site to both ends {the resulting fragment is ab- 
breviated as *f ragsasnt--5*>. 

The fragment-5 was ligated with the fragment 3 by 
using <S4-mh ligase to give a chimeric imttnoglobolin gene 
having the human and mouse enhancers, a variable region ©f 
IS the mease origin and a constant region of the huaaa origin 
I this piasmid is abbreviated as *p5H-~3*>. 

The flow chart for the preparation of the plasadd 
pMH-3 is shown in fig. 9. 
Example 17 

15 Construction of a chimaerie immunoglobulin gene 

expression piasmid pMH~4i~ 

The plasmid pBR~HL-i-H was cleaved with restric- 
tion endoneel eases Sc&W and BamHI to give a fragment {about 
2.7 kb) containing the entire V~gene segment of a mouse, 

20 which was separated and purified. EeoRl linker was ligated 
with the BcoRV terminus of this fragment to give an EcoRX 
site and form an EcoKJ-BaaBX fragment {about 2«? kb) . 

In the steaatiae, the vector pSV2~gpt was cleaved 
with BcoSI and BajaBX to give a linear vector fragment (4.6 

25 kb) containing an Bcogpt gene, which was separated and 
purified. The resulting vector fragment was ligated with 
the above EcoRl-BamBI fragment {about 2.? kb) by using 
1'4-DNA ligase. The ligation product was then cleaved with 
restriction endonoclease BamHI to give a 338*. fragment {about 

30 7.3 kb) containing the variable region gene of HL-l-H (this 
t>m fragment is abbreviated as "£ ra«ment~6 s ) « 

The frag»ent~6 was ligated with the fragment -4 
obtained in Example 14 containing the human enhancer 
(Eh) and c ^ by using ligase. B. coil KC10OO- was 

3S transformed with the ligation product to give a chimaerie 
immunoglobulin gene having a variable region of the mouse 
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origin and a constant region of the human origin joined 
through the human enhancer (Eh) (this plasaid is abbreviated 

The flow chart for the preparation of the plasma 
pHB-4 is shown In Fig, 10. 
pie 18 

Construction of chimaeric immunoglobulin gene 
expression piasmid pHE-St- 

•The plasma pBK™M,~i-i was cleaved with restric- 
tion andonucleases Same I and EcoR! to obtain a fragment 
(about 2 Kb) containing a mouse enhancer (Em) t which was 
separated and purified. The fragment (about 2 kb) was 
lighted with the fragment-5 obtained i» Example 28 by using 
T4-DBA ligase. The ligation product was cleaved with re- 
striction endonuclease B&nHI to give a BaaBI fragment (about 
13 kb} containing the mouse and human enhancers and human 
C Yl* **** Baa>gl f * a 9»©»* wa« iigated with the fragments 
obtained in Example 17 by using T4-DKA ligase, e, coli 
HCiOOO was transformed with the ligation product to give a 
chimaeric immunoglobulin gene containing a variable region 
Of the »ouse origin and a constant region of the Mmn 
origin Joined through the mouse and human enhancers (this 
piasmid is abbreviated as *pHB-5 w ). 

The flow chart for the construction of the pi a sand 
pMS~5 is shown in Fig, 10, 

Expression of the chimaeric immunoglobulin 
genes t- 

Each of the chimaeric imsmnoglobulin gene expres- 
sion piasmids to pHH~S obtained in Examples 14 to 18 
was introduced into £♦ coll 8C1000 in accordance with the 
method described in example 5, The fcransformants were 
cultured in a medium containing ampicillin, and the piasmid 
was amplified by adding chloramphenicol. £. Cell proto- 
plasts were obtained by treatment with iysosyme (Sigma Co, K 
The resulting protoplasts were fused with 2 x 10* mouse 
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mzlQm cells J558L or n$~l in 50% PEG 4000 for 2 to ? 
Binutea. The fusion product was dilated with ^BS medium 
(Gibe©, Grand Island, Kew XorkJ, and PEG was removed by 
caatTMugation, The resulting cells were grown for 48 to 12 
5 hours in RPHI 1640 complete medium {Gibco). The cell sur- 
faces were then stained by fluorescence using PXTC -labelled 
goat anti-human XgS iCappel Laboratories, Inc.}* and the 
expression of the chimaeric iassonogloMin gene was checked. 
Strong expression was observed in the ceils into which the 

10 expression plasnids .pHS~l, pMB~2 arid pHH-4 were introduced. 
On the other hand, relatively weak expession was observed is 
the ceils into which the expression plasmids pHH-3 and pHB-S 
were introduced, 

Rm was extracted from the individual cells, and 

IS 20 micrograms of the resnlitng EUh was subjected to northern 
hybridisation {?* Kaniatis et Molecular Cloning, Cold 

Spring Harbor tab, , 1982) using a BajHI-PvuIX fragment of 
plasmiS" pSR-SSL~l~H containing saouse V, D, and 3 genes and a 
Pjtl(~{2)-Pstl»i3) fragment of pl&ssid pSV2~BXGl containing 

20 part of human C yl gene as probes. Strong hybridisation was 
observed with mis of the cells in which the expression 
piasmids pHH-l, pHH-2 and pMH~4 were introduced, whereas 
hybridization was relatively weak with the RH&s of the dens 
in which the expression plasiaids pHH~3 and pMH~5 were in- 

25 troduced, 

in the present example* the degree of expression 
showed the same tendency in mouse myeloma J558L and 'SS-l. 

the expression pies-aid pMH~4 was introduced into 
mouse myeloma cells JS58X, by protoplast fesien and trans- 

30 ferred to a selective medium containing 250 ?M xanthine, 
15 i/pd hypoxenthine and § r/ml .myccphenolic acid, $h* 
•medium was exchanged for two successive days. Two weeks 
later* transf ormants having resistance to mycophenol ic acid 
were obtained. mKNA was extracted from the transf ormants, 

35 and subjected to northern hybridisation using a V-gene of a 
mouse vixi and a human C , gene as a probe, ht a sise of 



018418? 

- 23 - 

1.7 kb t n band was observed Mch corresponded to «rka of 
a complete secretor S~chai»» 

The transplants were cultured in the presence of 
" S-®*thionine (taersh**). The supernatant obtained was 
i«no P racipitated with anti~M»an .. x*S. The precipitate was 
subjected to polyacrylaaide gel electrophoresis and fiuoro- 
graphed, it was determined that the chiaaeric 



globulin B-chain protein was present in the for» of B.L, in 
the supernatant of the culture, A 
Southern hybridisation was carried out in an 
attempt to detect the chimeric immunoglobulin qene, This 
led to the determination that the chimeric antibody gene 
existed in an average copy number of about 0.5 per cell. 
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What is claimed iss 

1. h mouse-haman chimaeric issaunoglobaliii . .heavy chain 

comprising |a| the amino acid sequence of a mourn i»muno~ 
globulin heavy chain mtim.* region and fb} the amino acM 
seguence of a human isasuaoglobal in heavy chain constant 
region and reacting specifically with human common acute 
lymphocytic leukemia antigen, 

2* The chimeric ism»nogl$bttlin heavy chain of claim 

I wherein the amino acid sequence of the variable region is 
derived from a souse immunoglobulin heavy chain which reacts 
specifioaly with hvm&n common acute lymphocytic leukemia 
antigen. 

3. The chimeric immunoglobulin heavy chain of claim 
1 wherein the assino acid sequence of the constant region is 
derived from the heavy chain of a htssaan immunoglobulin 0. 

4, The chimaeric immunoglobulin heavy chain of claim 
3 wherein the human immunoglobulin G is human immunoglobulin 

The chimaeric immunoglobulin heavy chain of claim 

J wherein the variable region contains a v-s«g*aat having 

the following amino acid sequence 

Asp Val Gin Leu ml Sin Set Sly Gly Sly hm Val 
Gin $t* Sly ©ly ser kt% Leu £et Ma Ha 
Ser Gly Phe Thr Phe Ser Ser I>he Gly Hot Bis Tip 
mi Arg Gin Ala Pro Gla Lys Gly ton Gin Trp Val 
Ala Tyr He Ser Qly Gly ser Tyr Thr lie Syr Tyr 
Ma Asp Thr Vai Lys Gly Arg Phe for lie Ser iUg 
Asp Asn Fro Lys &s» Thr Leo Phe Leu Gin Bet Thr 
Ser Leu hrg Ser Glu Asp Thr Ala Met fyr fyr Cys 
Ma Ser Ser Tyr Gly Ann Phe Trp Tyr Phe Asp Val 
Tip Gly Ala Gly Thr Thr Val Thr Vai Ser Ser 

wherein the various abbreviations stand for the following 

amino acids* 

Gly; glycine 
Ala? alanine 
Vals valine 
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Leas ieaeine 
lies i§oie»sin.e 
8er; serine 
Asp; aspartie acid 
Lyss lysis© 
Arg; arginiae 
His j histi&ine 
Phe; phenylalanine 
Tyrs tyrosine 
Thr ; threonine 
Cys; cysteine 
Met; methionine 
Gitu glutamic acid 
Trp; tryptophan 
Pro; proline 
Asks asparaglne 
Glnr giatamine. 

•6* chimeric immunoglobulin heavy cvhain of claim 

S wherein the variable region has the following mtiw acid 
sequence 

MP Vai Gin Leu Val Glu Ser Gly Gly Giy t*m Val 
Gin Pro Gly Gly Set Aig Lys Leu Sar Cys Aia Ala 
Ser Gly Phe The Phe Ser Ser Phe Gly Met Bis Trp 
val ftrn Gin Aia Pro Glu Lye Giy Lea ©la Trp vai 
Ala Tyr lie Ser Gly Gly Ser Tyr Thr lie Tyr Tyr 
Ala Asp Thr Vai i,ys Gly Atg Fhe fht He Ser fcrg 
Asp Aon Pro Lys Asa Thr Lea Phe Lao Gin Hat fhr 
Ser Las Arg Sar Glu Asp thr Ala Hat Tyr Tyr Cys 
Ala Ser Ser Tyr Gly Asa Phe Trp Tyr Phe Asp Vai 
Trp Gly Ala Gly Thr. Thr Vai Thr Val Ser Ser Ser 
Tyr Gly Asn Phe Tip Tyr Phe Asp Val Trp Giy Ala 
Gly Thr Thr Val Thr Val Ser S*ar 

wherein the abbreviations for the ass i no acids are as shown 

in claim S, 

1 « The ehimaeric iraunoglobulia heavy chain of claim I 

wherein the constant region has the following aisino acid 
sequence 
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wherein the abbreviations for 


the 


amino acids 


are 


as i 


;hov? n 



In claim S» 

§> The chimaeric is>?nunaglobulin heavy chain of claim 

I which has the follow! no amino acid sequence 

Asp val Gin i,eu Val Glu Ser Gly Gly Gly Leu Val 
Gin Pro Gly Gly Sex Arg Lys Lea Ser Cys Ala Ala 
Ser Gly Phe Thr Phe Ser Ser Phe Gly Met His Trp 
Val Mq Gin Ala Pro Glu Lys Gly Lea Glu Trp Val 
Ala Tyr lie Ser Gly Gly Ser Tyr Thr He Tyr Tyr 
Ala Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg 
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hB P Pro %s Asn Thr Leu Phe Leu Gin mt Thr 
Ser Leu Arg Mm Glu Asp The Ma Met Tyr Tyr Cys 
Ma Ser ger Tyr Gly ten Phe Trp Tyr Phe Asp Val 
Trp Gly Ma Sly Thr Thr Val Thr Val Ser Set Ser 
Tyr Gly Asn Phe Trp Tyr Pise Asp Val Trp Gly Ala 
Gly Thr The Val Thr Val Ser Ser Ala Ser Thr Lys 
Gly Pro Ser V&l m® Pre Leu Ma Pro Ser Ser Lys 
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Gys Leu 
Val Lys Asp Tyr Phe Pro Gin Pro Val Thr Val Ser 
Trp Asn Ser Gly Ala Leu Thr Ser Gly Val Mis Thr 
Phe Pro Ala Val Leo Gin Ser Ser Gly Lou Tyr Ser 
Lou Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 
Gly Thr Gin Thr Tyr lie Gys Asn Val Asn His Lys 
Pro Set Mil Thr Lys Val Asp Lys Lys Val Glu Pro 
Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 
Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe 
Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu MET lie 
Ser Arg Thr Pro Glu \ r al Thr Cys Val Val Val Asp 
Val Ser His Glu Asp Pro Val Lys Phe asn Trp 
Tyr Val Asp Gly Val Glu Val Bis Asn Ala Lys Thr 
Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg 
Val Val Ser Val Lea Thr Val Leu Bis Gin asp Trp 
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
Lys Ala Lou Pro Ala Pro He Glu Lys Thr lie Ser 
Lys Ala Lys Gly Gin Fro Arg Glu Pro Gin Val Tyr 
Thr Leu Pro Pro Ser Arg Glu Glu MET Thr Lys Asn 
Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 
Pro Ser Asp lie ala Val Glu Trp Glu Ser Asn Gly 
Gin Pro Glu Asn Asa Tyr Lys Thr Thr Pro Fro Val 
Leu asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 
Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 
Val Phe Ser Cys Ser Val SET His Glu Ala Leu His 
Asn His Tyr Thr Glu Lys Ser Leu Ser Leu Ser Fro 
Gly Lys 

wherein the abbreviations for the amino acids are as shown 
in cl&iaa 5» 
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9 . a &itfaexi« M& fragment which erodes the a»n® 
acid sequence of the »«se~b^a« chimeric immunoglobulin 
heavy chain of claim 1* 

10, The chiaaeric SNA fragment of claim § which con- 
tains a variable region V-segment DBA segaence represented 
by the following 

GAT GTG CAG C2S GTG GAG TCT GGG GGA GGC Tf& GTS 
CAG CCT GGA GGG TCC CSC AM CTC TCC KT GCA GCC 
TCT GGA TTC ACT TTC AGT AGC TTT GGA ATG CAC TGG 
GTT CST CAG GCT CCA GAG AAG GGG CTG GAG TGG GTC 
CCA TAT ATT ACT GGT GGC AGT TAT AGC ATC TAC TAT 
GCA GAC ACA GTG AAG CGC CCA TTC ACC ATC TCC ASA 
SAC AM' CCC AAG AAC ACC CTG TTC CTA CAA ATG ACC 
AGT CTA AGG TCT GAG GAC ACC GCC ATG TAT TAC TGT 
GCA AGT TCC TAT GGT AAC TTC TCC TAC TTC GAT GTC 
TGG GGC GCA GGG hCC ACG GTC ACC CTC TCC TCA 
wherein A represents aeoxyaa«aosine~5 " -phosphate, 
C represents aeoxycytidin«-5'-pho8phate, G repre- 
sents deoxyquinosiae-5' -phosphate, and T repre- 
sents decay thy»i dine-S' -phosphate , 
and a MA segaenee complementary thereto, 
11. The 0N& sequence of the chimeric DBA fragment of 

claim 10 which contains a mriabie region mk sequence 
xepcesentea by the following 

GAT GTC CAG CTG GTC GAG TCT GGG GGA GGC TTA CTG 
CAC CCT GGA GGG TCC CGG AAA CTC TCC TGT CCA GCC 
TCT GGA TTC ACT TTC ACT AGC TTT GGA ATG CAC TGG 
G7T CGT CAG GCT CCA GAG AAG CGG CTC GAG TGG GTC 
GCA TAT ATT AGT GGT GGC AGT TAT ACC ATC TAC TAT 
GCA GAC ACA GTG AAG GGC CGA TTC ACC ATC TCC AGA 
GAC AAT CCC AAC AAC ACC CTG TTC CTA CAA ATG ACC 
AGT CTA MSG TCT GAG GAC ACG GCC ATG TAT TAC TGT 
GCA AGT TCC TAT GGT AAC TTC TGG TAC TTC GAT GTC 
TGG GGC GCA GGG ACC ACG GTC ACC GTC TCC TCA TCC 
TAT GGT AAC TTC TGG TAC TTC GAT GTC TGG GGC GCA 
GGG ACC ACG GTC ACC GTC TCC TCA 
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Wherein A, C, G and T are as defined in claim XO , 
and a D8A sequence c e? taty thereto. 
12, The chintaeric DMA ferment of claim .9 which con- 

tains a hxmm immunoglobulin heavy chain constant region DSA 
fragment comprising 

UJ a C R 3. segment which contains dka sequence 
represented by the following 

GCC TCC ACC AAG SGC CCA TCG GTC TTC CCC CTG GCA 
CCC TCC TCC AAS AGC ACC TCT GG€ GGC ACA GCG GCC 
CTG GGC TGC CTG GTC AAG GAC TAC TTC CCC CM CCC 
GTG AOS GTG KG TGG AAC TC& GGC GCC CTG ACC ACC 
GGC CTG CAC ACC TfC CCC GCT CTC CTA CAS TCC T CA 
GGA CTC TAC TCC CTC AGC AGC GTC GTG ACC GTG CCC 
TCC ACC ACC TTG GGC ACC CAC ACC TAC ATC TGC AAC 
GTG AAT CAC AAG CCC AGC AAC ACC AAS GTG GAC AAG 
AAA GTT 

(2) an h segment which contains a mh sequence 
represented by the following 

GAG CCC AAA TCT TGT GAC AAA ACT CAC ACA TGC CCA 
CCC TGC CCA 

{3! a C H 2 segment which contains a DBA sequence 
represented by the following 



GCA CCT 


SAA 


CTC 


CTG 


GSS 


GSA 


CCG 


TCA 


GTC 


TTC 


CTC 


TTC 


CCC 


CCA 


AAA 


CCC 


AAG 


GAC ACC CTC 


ATG 


ATC 


TCC 


CGS 


ACC 


CCT 


GAG 


GTC 


ACA 


TGC 


GTG 


GTG 


GTG 


GAC 




AGC 


CAC 


GAA 


GAC 


CCT. 


GAG 


GTC 


AAG 


TTC 


AAC 


TSG 


TAC 


GTG 


GAC 


GGC 


GTS 


GAG 


CTG 


CAT 


AAT 


GCC 


AAG 


ACA 


AAG 


CCG 


CGG 


GAG 


GAG 


CAG 


TAC 


AAC 


AGC 


ACS 


TAC 


CGG 


CTG 


GTC 


AGC 


GTC 


CTC 


ACC 


GTC 


CTG 


CAC 


CAG 


GAC 


TGG 


CTG 


AAT 


GGC 


AAG 


GAG 


TAC 


AAG 


TGC 


AAG 


GTC 


TCC 


AAC 


AAA 


see 


CTC 


CCA 


GCC 


CCC 


ATC 


G AG 


SAA 


ACC 


ATC 


TCC 


AM 



GCC AAA 

and {4} a C^'i segment which contains « D8A sequence re- 
presented by the following 

CGG CAS CCC CCA GAA CCA CAG GTG TAC ACC CTG CCC 
CCA TCC CGG SAG GAS ATS ACC AAG AAC CAG CTC AGC 
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CTC ACC TGC CTG GTC AM GGC TTC TAT CCC AGC CAC 
ATC GCG GTC SAG ?!G6 GAS AGC AAT GGC CAC COS GAG 
MC MC mC ASS ACC ACS CCT CCC GTC CTG G&C TCC 
CAC CSC fCC ffC TTC CTC TAT ACC AAG CTC ACC GTO 
CAC AAG ACC AGS TGC CAC CAG GCC AAC GTC TTC TCA 
TGC TCC GTC ATG CAT GAG GCT CTG CAC AAC CAC TAC 
ACC CAG AAG AGC CTC TCC CTG TCC CCG GOT AAA 
wherein A f C f C and T are as defined in claim 10, 

and a Dm sequence complementary to said constant region DMA 

sequences. 

13, The chimeric D8A fragment of claim 9 comprising a 
DRs fragment encoding the amino acid sequence of the vari- 
able region and a CM fragment encoding the amine acid 
sequence of the constant region joined to each other through 
a SNA sequence containing at least a human enhancer, 

14, The chimaeric B$A fragment of claim 13 wherein the 
human enhancer contains a Bt?A sequence represented by the 
following 

TTG GCG AGC TGC AAG CAG ATG ATG AAT TAG ACT CAA 
GAT CGC TGC ATG GCG GTC TCC GGC ACC CAC AGC ACG 
TCC CAG CAA GCA GCT CAC CGC GAG AGT CTA TTT TAG 
CAA GCA AAA AAA CAC AAT TGC TAA ATT TAT CAC TTC 
TGC TTG TGA AGA GGT GCT TTT GCC AGC CCC AGA TCT 
GAA AGT GCT CTA CTG AGC AAA ACA ACA CTT GCA CAA 
TTT GCC TTT CTA AAA TAA GGC GAG GCT GAC CGA AAT 
CCA AAG GCT TTT TTT AAC TAT CTG CAA TTT CAT TTC 
CAA TCT TAG CTT ATC AAC TGC TAG TTG G 
wherein A, C f C and T are as defined in claim 10? 
and a DMA sequence complementary thereto. 

15, < t ' < the 
chimeric DMA fragment of clam 5, 

16, Moose myeloma J55SLE or j?S~l coils into which the 
chimaeric BHA fragment of claim § has been introduced by 

ing tl ^ N *a j i of ci 
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Asp Vat Gin Leu Val Gly Ser Gly Gly Gly Leu Val 
Gin Pro Gly Gly Ser Arg Lys Leu Ser Cys Ala Ala 
Ser Gly Phe Thr Phe Ser Ser Phe Gly Met His Trp 
Val Arg Gin Ala Pro Gly Lys Gly Leu Gly Trp Val 
Ala Tyr lie Ser Gly Gly Ser Tyr Thr lie Tyr Tyr 
Ala Asp Thr Val Lys Gly Arg Phe Thr lie Ser Arg 
Asp Asn Fro Lys Asn Thr Lee Phe Leu Gin Met: Thr 
Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 
Ala Ser Ser Tyr Gly Asn Phe Trp Tyr Pbe Asp Val 
Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser Ser 
Tyr Gly Asn Phe Trp Tyr Phe Asp Val Trp Gly Ala 
Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys 
Gly Pro Ser Val Phe Pro Ley Ala Pro Ser Ser Lys 
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser 
Trp Asn Ser Gly Ala Len Thr Ser Gly Val His Thr 
Phe Pro Ala Val Leu Gin Ser Ser Gly Len Tyr Ser 
Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 
Gly Thr Gin Thr Tyr He Gys Asn Val Asn His Lys 
Pro Ser Asn Thr Lys Val Asp Lys 
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Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr 
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly 
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 
Thr Leu MET He Ser Arg Thr Fro Glu Val Thr Cys 
Val Vai Val Asp Val Ser His Glu Asp Pro Glu Val 
Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His 
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn 
Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 
His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys 
Lys ml Ser Asn Lys Ala Leu Pro Ala Pro He Glu 
Lys Thr He Ser Lys Ala Lys Gly Gin Pro Arg Glu 
Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu 
MET Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val 
Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp 
Glu Ser Asn Gly Gin Pre Glu Asn Asn Tyr Lys Thr 
Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp 
Gin Gin Gly Asn Val Phe Ser Cys Ser Val MET His 
Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 
Ser Leu Ser Pro Gly Lys 




v 
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-TTGGCGAGCTGGAAGCAGATGATGAATTAG 
AGTCAA6ATGGCTGCATGGG6GTCTCCGGC 
ACCCACAGCAGGTG6CAGGAAGCAGGTCAC 
CGCGAGAGTCT ATTTTA66AAGCAAAAAAA 
CA CA A IT GGTAAATTTAT CACTTC TG SIT G 

T6AAGAGGTG6TTTTOeCAGGCCCA©ATCT 
GAAAGTGCTCTACT6AGCAAAACAACACTT 
GGACAATTTGCGTTTCTAAAATAAG0C6A0 
G CT6ACCGAAAT CGAAAGGCTTTTTTT AAC 
TATCT6CAATTTCATTTCCAATCTTAGCTT 
A T C A A C T G C T A GTTG 6 - 3 ' 
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pm 5- m 

0^1 -segment; 

GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCA 
CC C T G C TC CA A GA G CA CCTCXGG G GG C A CA G CGG C C 
CTGGGCTGCCTGGTCAGGGACTACTTCCCCGAACCG 
G TGA CGG TG TCGTGGAA CTCAGGCGCCGTGA CCA G C 
GGCGTGCACACGTTCCCGGGTGTCCTACAGTCGTGA 
GGACTCTACTCCGTCAGCAGCGTGGTGACCGTGCCC 
TCCAGCAGCTTGGGGACCCAGACCTACATCT6CAAG 
G TGA ATC A CAAG CG C AGCAA CAC CAAGG TGGA CAAG 
AAAGTT 

h-segsTsent; 

G AGC C CAAATCTTGTGACAAAACTCA CACATGCC CA 
CCGTGCCCA 
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C^2~ segment; 

G CA C C TG AA CTC CTGGGGGGA G C G T CA G T CTTC C I C 
TT C C C C CCA A A A C CC AAGGACAC CCTCA XGAT CI CC 
CGGACGGCTGAGGTCACATGCGTGGTGGTGGACGIG 
A G C CA CCA A G A C C CTGAGGI CA A G T ICAA CTGGf AG 
G TGG A CGG GGTGGAGGTGCATAATG CCAAGACAAAG 
CCGCGGGAGGAGGAGTACAAGAGCACGTACCGGGTG 
GTCAGCGTCCTCACCGTCCTGCACCAGGAGTGGCTG 
AATGGCAAGGAGTACAAGTGCAAGGTGTCCAACAAA 
GCCCTCCCAGCCGCCATCGAGAAAACGATCTCCAAA 
GCCAAA 

Cy3~ segment ; 

GGGCAGCCCCGAGAACCAGAGGTGTACACCCTGCCC 
CGATCCCGGGAGGAGATGACCAAGAACCAGGTCAGC 
C TG A C C TG C CTG G TGA AAGG CTT G TA TC C CA G C G A C 
ATCG C CG TGG AG TG GGAGAG CAATGGG CA G CCGGAG 
A A C A A CTA C A A G A C CA CG C CT C C C G TG C TGG A C T C C 
GACGGCTCGTTCTTCCTCTATAGCAAGCTCACCGTG 
GACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCA 
TG C T C CGTGATGCATG AGGCTGTG C A CA A C CA CTAC 
A CG C A G A A G A G C C T CTC C CTG T CC C CG G G TA A A 
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Fffi 8 



jATGTGCAGCTGCTGGAGTCTGGGGCAGGCTTAGTGGAGCCT 



GGAGGGTCCCGGAAACTCTCCTGTGCAGCCTCTGGATTGACT 



TTCAGTAGCTTTGGAATGCACTGGGTTCGTCAGGCTCCAGAG 



ACGA1 W ! 5 CA G A CA CA GTGAAGGG G CGATT GAG CA TC 



TCCAGAGACAATCCCAAGAACACCCTGTTCCTACAAATGACC 



AGTCTAAGGTCTGAGGACACGGCCATGTATTACTGTGCAAGT 



TCCTATGGTAACTTCTGGTACTTCGATGTCTGGGGCGCAGGG 



accaccgtcac:c:gtctcctcatgctatggtaacttctggtac 

— ~— -~ *f*~D~s e gmen c — 

TTCGATGTCTGGGGCGCAGGGACC&CGGTCACCGTCTCCTCA 




-segment 
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